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Abstract.  Ochratoxins are mycotoxins produced as metabolites by fungi, in particular Aspergillus 
and Penicillium. These fungi flourish under special conditions of temperature and humidity. The 
research in this paper was targeted on the optimization of ochratoxin A detection method for animal 
derived foods in a laboratory pending accreditation (laboratory A). ELISA and HPLC (adapted for 
animal derived foods) were subjected to a comparative assessment for OTA detection in kidney liver 
samples within laboratory A. Furthermore, the results were compared with those delivered by an 
accredited laboratory (B), using GC-MS for OTA detection.  Two pork kidney samples 
contaminated with OTA at levels close to MRL were subjected to OTA detection through ELISA 
(EuroProxima test kit) and HPLC (according to SR EN ISO 15141-1, adapted for animal derived 
foods) (5 repetitions) within Laboratory A. For precision and accuracy evaluation, the following 
parameters were calculated: average, interval, standard deviation (SD), relative standard deviation 
(RSD), confidence interval (CI), standard error from mean, relative average deviation from mean 
(RADM), relative error, absolute error, repeatability (r). Furthermore, the percent of recovery was 
calculated for both tested methods using 31 OTA-free pork kidney samples, enriched with 
increasing concentrations of ochratoxin A.The comparative assessment of the precision parameters 
indicates that HPLC adapted for animal derived foods is more appropriate than ELISA for OTA 
detection in such foods. The following results (in average) were obtained for ELISA and HPLC, 
respectively: SD=0.16 and 0.04, RSD=0.85 and 0.19, CI= ±0.2 (p<0.05) and ±0.05 (p<0.05), 
RADM=0.97‰ and 0.79‰, r=0.37 (p<0.05) and 0.13 (p<0.05). The errors calculated using the 
results delivered by the accredited laboratory were the following: absolute error = -5.01 and -1.06, 
for ELISA and HPLC, respectively; relative error = -0.2 and -0.043, for ELISA and HPLC, 
respectively. The average recovery percent was higher for HPLC (95.18%) than for ELISA (78.42%).  
Even though ELISA has been considered the preferred method for OTA detection in food and feed, as 
indicated by the scientific literature, being currently used in many accredited laboratories for OTA 
detection, these results reveal that HPLC adapted for animal derived foods is more indicated for OTA 
detection in such products, as it has more precise results and a better repeatability. 
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INTRODUCTION 
 
Ochratoxins are natural contaminants which belong to the group of mycotoxines. 
Ochratoxins are produced by various fungi types of the species Aspergillus and Penicillium. 
From six known Ochratoxin types, Ochratoxin A (OTA) shows the highest toxicity (Savu, 
1994). OTA can occur in a large variety of commodities (cereals, beans, groundnuts, spices, 
dried fruits, coffee, beer, wine), as well as in milk, pig blood, liver, and kidney, and poultry 
meat from animals fed with contaminated feed (Monaci & Palmisano, 2004). Ochratoxins’ 
occurrence in food and feed poses a threat to the health of humans and animals, due to either 
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direct contamination or by "carry-over" of mycotoxins and their metabolites into animal 
tissues, milk, and eggs after ingestion of contaminated feed (Köppen et al., 2010). The 
concentration of OTA in meat products can sometimes reach important levels, such as the one 
reported by Gareis and Scheuer (2000), in a survey evaluating the occurrence of OTA in meat 
products from a German market: 0.141g/kg, as the maximum detected value. The same 
authors reported contamination of 68%, 67% and 77.2 % of the liver, bologna and blood 
sausage samples, respectively (Gareis & Scheuer, 2000). 
Ochratoxins are hepatotoxic and nephrotoxic, inhibit mitochondrial transporter 
systems and the synthesis of proteins in cells. Thus, the presence of OTA in the food chain 
along with its severe human health implications, make it a potential human health hazard, 
for which regulatory limits were adopted in many countries. Therefore there is the need to 
develop and constantly improve analytical methods and rapid screening tests suitable for 
official validation that would also be cost effective when used for control on a large scale 
(Monaci & Palmisano, 2004). There is a wide range of well documented analytical 
methods for the determination of OTA in food products (chromatographic methods such 
as LC-MS, LC-FLD, GC, TLC and immunological methods such as ELISA, direct 
fluorimetry, fluorescence polarization, biosensors, strip methods etc.).  
The challenges of OTA determination include selection of the most appropriate 
method in the context of an important heterogeneity of food matrices and a significant number 
of performance parameters to be considered, such as: speed, precision, accuracy, expenses, 
method complexity and applicability (Köppen et al., 2010). 
The research in this paper was targeted on the optimization of ochratoxin A detection 
method for animal derived foods in a laboratory pending accreditation, by making a 
performance comparison between ELISA and HPLC for pork kidney samples. The results were 
compared with those delivered by an accredited laboratory, using GC-MS for OTA detection.  
 
 
MATERIALS AND METHODS 
 
Two pork kidney samples naturally contaminated with OTA at levels close to 
maximum residue limits (MRL), were subjected to OTA detection through ELISA 
(EuroProxima test kit) and HPLC (according to SR EN ISO 15141-1:2008, adapted for animal 
derived foods), using 5 repetitions, within a laboratory pending accreditation, referred to 
hereinafter as Laboratory A.  The chromatographic method applied was HPLC with silica gel 
clean up followed by detection and quantification by HPLC coupled with a fluorescence 
detector (FLD) (EN ISO 15141-1:2008). This method is based on extraction using toluene as 
solvent, after acidifying with hydrochloric acid and addition of magnesium chloride. The 
mobile phase is a mixture of acetonitrile:water:acetic acid (99:99:2). The cleanup is 
performed through solid phase extraction columns with silica gel (SEP PAK
®
). 
The immunoenzymatic method used was ochratoxin A ELISA test kit (Ochratoxin-A 
ELISA kit code 5121OCH1, EuroProxima BV (previously Euro Diagnostica, The 
Netherlands), which is a competitive enzyme immunoassay for quantitative analysis for 
ochratoxin A in food and feed samples. The test kit is approved through ISO/IEC 
9000/9001Bureau Veritas Certification BV. For precision and accuracy evaluation, the 
following parameters were calculated: average, standard deviation (SD), relative standard 
deviation (RSD), confidence interval (CI), standard error from mean, relative average 
deviation from mean (RADM), relative error, absolute error, repeatability (r) (table 2.1).  
Furthermore, the percent of recovery was calculated for both tested methods using 31 
OTA-free pork kidney samples, enriched with increasing concentrations of ochratoxin A. 
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Consequently, 31 samples of pork kidney free from OTA, were enriched with  increasing 
concentrations of stoc solution OTA, the addition ranging from 5 μg/kg sample, to 20 μg/kg 
sample, using rising aliquots of 0.5 μgOTA/kg (tabel 3.4).  
 
Table 1 
Calculation of performance precision and accuracy parameters 
 
Parameter Equation 
Average, x  Eq.1 
n
x
x
i
  
Standard deviation, SD Eq.2 
 
Relative standard deviation, RSD Eq.3 
 
Confidence interval, CI Eq.4 
 
Relative average deviation from 
mean, RADM 
Eq.5 
 
Absolute error,  Eq.6  
Relative error,  Eq.7 
 
Repeatability , r Eq.8  
; ;   
; 
;   
; 
 
 
The recovery was calculated by testing the fortified samples using ELISA and HPLC 
methods, adapted for animal derived foods.  
 
RESULTS AND DISCUSSIONS 
 
The MRL were documented from Regulation no.1881/2006 (as amended by both 
Regulations 1126/2007/EC and 105/2010/EU), as well as from the former Romanian 
legislation (Ord. 975/98), which was repealed after implementation of European legislation. 
Since Regulation 1881/2006 does not contain maximum limits for ochratoxin in meat or 
organs, we considerend for discussion the limits layed down for ochratoxin A in meat, by 
Ord. 975/98: 20μg/kg for meat and organs (5 μg/kg in foods for children under the age of 
three). Other regulatory limits for ochratoxin A in meat and organs are set in Denmark, 10 
μg/kg in pig kidney and in Italy, 1 μg/kg in meat (Lakshmi, 2013).  
However, these limits can be considered either high, according to some studies which 
reported average contamination of pig kidney samples of 0.36 μg/kg, with values ranging 
from 0.11 to 0.67 μg/kg (Hong Kong. Centre for Food Safety, 2006), or on the contrary, too 
low, according to other studies reporting 0.141g/kg, as the maximum detected value in meat 
products (Gareis & Scheuer, 2000). The results of analysis the two naturally contaminated 
kidney samples using ELISA and HPLC indicate that the OTA content is close to the MRL 
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(Ord. 975/98), without exceeding, using ELISA, while the HPLC revealed exceeding of the 
MRL, with almost 4 μg/kg sample (table 3.1). Evaluation of precision performance of the two 
considered methods used for OTA testing in meat was done in order to assess the significance 
of such errors for the safety of consumers and to establish the appropriateness of one of the 
two methods for performing OTA testing for meat and organ samples.  
 
Table 2 
 
Measurement of A ochratoxin in two swine kidneys using ELISA and HPLC techniques 
 
Measurement 
ELISA technique HPLC technique 
Sample 1 
μg/kg 
Sample 2 
μg/kg 
Sample 1 
μg/kg 
Sample 2 
μg/kg 
1 19.124 19.713 23.090 23.729 
2 19.301 19.794 23.111 23.778 
3 19.251 19.802 23.151 23.854 
4 19.364 19.793 23.220 23.803 
5 19.198 19.850 23.166 23.792 
 
Results of precision evaluation for ELISA in kidney samples OTA testing. 
Average calculated with Eq.1 (table 2.1), for 5 repetitions: 1=19.2476 μg/kg (for 
sample 1) and  2=19.7904 μg/kg (for sample 2). 
Standard deviation results (calculated for a number of samples less than 30, when the 
real value of the parameter is unknown), calculated with Eq.2 (table 2.1), for 5 repetitions: 
SD1=0.2816 (sample 1) and SD2=0.0492 (sample 2). 
Relative standard deviation results, calculated with Eq.3 (table 2.1): 
RSD1(%)=1.463039 (sample 1) and RSD2(%)=0.248605 (sample 2). 
Confidence interval results, for a number of repetitions less than 10, using t value from 
statistic tables (www.statstodo.com/TTest_Tab.php), for a 95% probability (according to 
intervational conventions), calculated with Eq.4 (table 2.1): CI1 = 19.2476 ± 0.350002 (for 
sample 1) and CI2 = 19.7904 ± 0.06116 (for sample 2). Therefore, the real value of average 
OTA content in the analysed pork kidney samples lies within the following ranges, with a 
95% probability: 18.897598-19.597602, for sample 1 and 19.72924-19.85156, for sample 2. 
The relative average deviations from mean, for more than 2 repetitions, calculated with 
Eq.5 (table 2.1): RADM1=1.3338‰ (for sample 1) and RADM2=0.6128 ‰ (for sample 2). 
The repeatability of results for OTA analysis using ELISA, calculated with Eq.8 (table 
2.1) revealed the following data: r1 = 0.6048 (p<.05) for sample 1, and r2 = 0.13776 (p<.05), for 
sample 2. Therefore, with a 95% probability, the absolute difference between the results of two 
ELISA measurements of OTA level, in repetability conditions, for sample 1 is less than 0,6048 
μg/kg. Also, with a 95% probability, the absolute difference between the results of two ELISA 
measurements of OTA level, in repetability conditions, for sample 2 is less than 0,13776 μg/kg. 
 
Results of precision evaluation for HPLC in kidney samples OTA testing. 
Average calculated with Eq.1 (table 2.1), for 5 repetitions: 1=23.1476 μg/kg (for 
sample 1) and  2=23.7912 μg/kg (for sample 2). Standard deviation results (calculated for a 
number of samples less than 30, when the real value of the parameter is unknown), calculated 
with Eq.2 (table 2.1), for 5 repetitions: SD1=0.0506191 (sample 1) and SD2=0.04507438 
(sample 2). Relative standard deviation results, calculated with Eq.3 (table 2.1): 
RSD1(%)=0.218679 (sample 1) and RSD2(%)=0.189458 (sample 2). Confidence interval 
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results, for a number of repetitions less than 10, using t value from statistic tables 
(www.statstodo.com/TTest_Tab.php), for a 95% probability (according to intervational 
conventions), calculated with Eq.4 (table 2.1): CI1 = 23.1476 ± 0.062828 (for sample 1) and CI2 
= 23.7912 ± 0.055878 (for sample 2). Therefore, the real value of average OTA content in the 
analysed pork kidney samples lies within the following ranges, with a 95% probability: 
23.084772-23.210428, for sample 1 and 23.735322-23.847078, for sample 2. 
The relative average deviations from mean, for more than 2 repetitions, calculated with 
Eq.5 (table 2.1): RADM1=0.8722 ‰ (for sample 1) and RADM2=0.7177 ‰ (for sample 2). 
The repeatability of results for OTA analysis using ELISA, calculated with Eq.8 (table 
2.1) revealed the following data: r1 = 0.1417 (p<.05) for sample 1, and r2 = 0.1262 (p<.05), for 
sample 2. Therefore, with a 95% probability, the absolute difference between the results of two 
ELISA measurements of OTA level, in repetability conditions, for sample 1 is less than 0.1417 
μg/kg. Also, with a 95% probability, the absolute difference between the results of two ELISA 
measurements of OTA level, in repetability conditions, for sample 2 is less than 0.1262 μg/kg. 
 
Comparative analysis of average results of precision parameters for ELISA and 
HPLC used for OTA testing in pork kidney samples. The results indicate that HPLC offers 
more precise results and a better repeatability in comparison to ELISA (table 3.2). 
 
 
Table 3 
 
Precision parameters of ELISA and HPLC techniques for OTA testing in pork kidney samples 
 
Parameter ELISA technique HPLC technique 
Standard deviation, SD 0.1654 0.0478 
Relative standard deviation, RSD 0.8558 0.1997 
Confidence interval, CI ±0.205 ±0.0593 
Relative average deviation from mean, 
RADM 
0.972‰ 0.7911‰ 
Repeatability , r (p<.05) 0.37 0.13 
 
Accuracy assessment for ELISA and HPLC for OTA detection in pork kidney 
samples. Considering these results (3.3), and on the background that in Romania, many 
accredited laboratories use ELISA for OTA detection in food commodities, we considered 
interesting to evaluate the accuracy of the two methods, by comparing results to the ones 
delivered by a control laboratory (considered for reference), accredited for OTA analysis 
in food commodities using gas cromatography – mass spectrometry (GC-MS).  
 
Table 4 
 
Absolute and relative errors of ELISA and HPLC  
techniques for OTA testing in pork kidney samples 
 
  ELISA HPLC 
Absolute error Sample 1 -4,9273 -1,0273 
Sample 2 -5,1025 -1,1013 
Relative error Sample 1 -0,2038 -0,0425 
Sample 2 -0,2050 -0,0442 
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Table 5 
. 
Determination of ochratoxin A recovery percent using kidney samples contaminanted  
with raising amounts of ochratoxin solution, through HPLC and ELISA techniques 
 
Sample 
Enrichment 
amount 
μg / kg 
ELISA HPLC 
Amount 
recovered 
μg / kg 
Recovery 
percent 
% 
Amount 
recovered 
μg / kg 
Recovery 
percent 
% 
1 5 3,925 78,4 4,755 95,1 
2 5,5 4,31 78,36 5,22 95,08 
3 6 4,70 78,33 5,70 95,14 
4 6,5 5,09 78,38 6,18 95,18 
5 7 5,49 78,462 6,64 94,91 
6 7,5 5,86 78,386 7,13 95,07 
7 8 6,28 78,5 7,59 94,89 
8 8,5 6,67 78,523 8,09 95,21 
9 9 7,05 78,371 8,52 94,68 
10 9,5 7,46 78,531 9,04 95,2 
11 10 7,84 78,482 9,51 95,13 
12 10,5 8,22 78,36 9,96 99,9 
13 11 8,63 78,521  10,43 94,84 
14 11,5 9,01 78,349 10,96 95,36 
15 12 9,41 78,422 11,4 95,01 
16 12,5 9,80 78,468 11,85 94,87 
17 13 10,19 78,421 12,38 95,26 
18 13,5 10,57 78,348 12,83 95,11 
19 14 10,98 78,431 13,32 95,21 
20 14,5 11,36 78,349 13,73 94,69 
21 15 11,76 78,452 14,26 95,13 
22 15,5 12,15 78,428 14,69 94,83 
23 16 12,48 78,405 15,20 95,04 
24 16,5 12,94 78,455 15,64 94,81 
25 17 13,34 78,510 16,16 95,07 
26 17,5 13,72 78,404 16,61 94,96 
27 18 14,11 78,398 17,15 95,33 
28 18,5 14,49 78,371 17,60 95,16 
29 19 14,88 78,362 17,98 94,68 
30 19,5 15,29 78,46 18,45 94,66 
31 20 15,68 78,429 19,02 95,11 
 
 
Average 
recovery % 
ELISA 
78,42155 
 
Average 
recovery % 
HPLC 
95,18129 
 
Figures 3.1–3.2. highlight results of OTA testing for calculation of recovery degree for 
the analyzed methods in sample 1 (enriched with 5 μg OTA/kg):  
 HPLC (cromatography results – fig. 3.1);  
 ELISA (analysis bouletin – fig. 3.2). 
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The results delivered by use of GC-MS (considered real values) were closer to the 
values obtained by HPLC measurement: 24.1749 μg ochratoxină A / kg (sample  1) and 
24.8925 μg ochratoxină A / kg (sample 2). Table 3.3 reveals results of absolute and 
relative errors, which were obtained using Eq.6 and Eq.7, respectively (table 2.1):   
The accuracy of the two methods used for OTA testing in pork kidney samples was 
further investigated by calculating the recovery degree in 31 samples of pork kidney free 
from OTA, after enrichement with increasing concentrations of OTA stoc solution. OTA 
addition ranged from 5 μg/kg sample, to 20 μg/kg sample, using rising aliquots of 0.5 
μgOTA/kg (tabel 3.4). The average recovery percent was significantly higher for HPLC 
(95,18%) than for ELISA (78,42%). These results may be scientifically significant 
especially on the background of a rising international interest in OTA testing accuracy and 
precision. For example, in a report of the  Belgium Federal Agency for the Safety of the 
Food Chain (AFSCA-FAVV) in association with CODA-CERVA (the national reference 
laboratory, NRL), the performance of some ELISA kits available on the market for OTA 
detection was assessed. By comparison of the performance parameters (concentration 
range, applicable matrices, limit of detection, limit of quantification, recovery, accuracy, 
precision, repeatability,reproducibility, measurement uncertainty and cross–reactivity), 
they found that the kits fulfil the requirements to be used as fast screening tools, being 
competitive in terms of purchasing cost, material and consumable requirements and labour 
cost. Nevertheless, their results were found to be generally biased slightly positively 
leading to an increase in false positive rate. An important finding in their report was that 
as samples labelled positive are to be screened by a significantly more expensive 
reference method, a too high false positive result rate will compromise the cost efficiency 
(CODA-CERVA, Veterinary and Agrochemical Research Centre, 2010).  
 
 
Fig.1 Cromatography results for the kidney sample enriched with 5 μg / kg ochratoxin A 
 
The European Food Safety Authority (EFSA) has adopted opinions on ochratoxin A 
in food on April 4th 2006 (EFSA, 2006) and June 4th 2010 (EFSA, 2010). The Commission 
is currently considering the need to introduce maximum limits for ochratoxin A in other 
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foods not currently included in the legislation (more data would be needed to assess 
exposure rates of infants and children, taking into account their dietary preferences).  
The present trend is towards reducing as much as possible the exposure to OTA, to 
the lower end of the range of tolerable daily intakes of 1.2-14 ng/kg b.w. per day (EFSA, 
2010). This target is important considering the results discussed in this paper, namely the 
OTA level found in the samples subjected to analysis for method performance comparison. 
As the level of contamination reached an average of 20μg/kg in kidney samples, assuming 
that a child weighing 14 kg (tolerable daily intake of 0.196μg/day) would consume an 
amount of only 25 g of that product, it would lead to an intake of 0.5 μg/day, which means 
almost three times the maximum tolerable daily intake of OTA.  
 
 
Fig. 2 Analysis bouletin for the kidney sample enriched with 5 μg / kg ochratoxin A (ELISA) 
 
Furthermore, considering the results indicate an approximate difference level of 
precision between the two compared methods, of 4μg/kg sample, this would lead to an error 
in calculating intake of ≈1 μg/day (supposing a person consumes ≈250g sample/day). This 
would lead to an error of 12 ng/kg bw/day for a person wheghing 80kg, which is a significant 
error, considering that ≈10ng/kg bw /day make the difference in exceeding the maximum 
admitted tolerable daily intake (1.2-14 ng/kg b.w. per day) (EFSA, 2010). 
Therefore, in the light of these findings, the need of accurate and precise screening of 
meat and meat products for OTA contamination, is to be considered, in addition to the food 
commodities included in official OTA list testing by European Regulations. 
The scientific world opinion on the use of ELISA in OTA detection is divided. Some 
authors, on one hand, agree that ELISA techniques have been shown to be less accurate and 
sensitive than conventional chromatographic assays (Scott, 2002; Köppen et al., 2010). 
Moreover, there are numerous papers reporting optimization studies for chromatographic 
methods in OTA detection, such as LC-FLD coupled with IAC clean-up (Monaci & 
Palmisano, 2004), reversed phase liquid chromatography with detection by fluorescence or 
LC coupled with mass spectrometry (LC-MS) (Scott, 2002), HPLC-enzyme-assisted 
extraction (Pietri A et al., 2011), HPLC-FLD for ochratoxin detection in meat and cheese 
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(Dall'asta et al., 2007). In addition, false positive or false negative results are often reported 
with ELISA because of cross-reactions between molecules or interferences with the antibody 
reagents (Lakshmi, 2013). They are thus considered to be suitable for qualitative assessment 
or for sample pre-screening but not for quantitative determination. It is also recommended to 
use the ELISA techniques only for the foods they were developed for (CODA-CERVA, 
Veterinary and Agrochemical Research Centre, 2010). Similar opinions have previously been 
reported on a national level by Milca (2009) and remained unpublished in scientific journals. 
On the other hand, there is a current of opinion according to which immunological 
principle based methods, such as ELISA, direct fluorimetry, fluorescence polarization, and 
various biosensors and strip methods are more recently preferred, while conventional 
chromatographic methods are considered generally time consuming and capital intensive 
(Shephard, 2008). The average data freshness indicates ELISA method for OTA testing as 
being capable to screen samples rapidly in-situ. There is also a third opinion, according to 
which accuracy and precision of ELISA test kits are comparable to HPLC for OTA 
measurement in comkmodities such as corn, milo, barley, wheat, soybeans and green coffee, 
with contamination levels ranging from 2 to 40 ppb (Zheng et al., 2005). In addition, there are 
documented performance differences between the available ELISA kits for OTA testing. 
Thus, from a number of 6 commercial OTA test ELISA kits, the kit of R-Biopharm scored 
very well in terms of cross-reactivity, matrix effect and limit of detection (LOD), being the 
easiest and fastest to use. The same results report that the Europroxima kit, (the one which 
was subjected to performance comparison with HPLC in the present article), suffered 
somewhat from cross-reactivity for ochratoxin B (OTB), having interferrences when used for 
oats. The main drawback though, was the complicated extraction procedure. Although it 
might lead to a cleaner extract, the large number of clean-up steps makes it more labor 
intensive (CODA-CERVA, Veterinary and Agrochemical Research Centre, 2010). 
 
CONCLUSION 
 
On the background of extensive scientific debate over choosing the best OTA testing 
method in foods, HPLC adapted for animal derived foods is more indicated for OTA 
detection in pork kidney samples, than ELISA, as it has more precise results and a better 
repeatability. HPLC should be used for testing meat and organs, instead of ELISA, due to its 
better accuracy. Meat and organs should be considered for introduction of OTA maximum 
limits, in order to help minimize the risk of exceeding the maximum daily tolerable intake.
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